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Of recent years, investigation of the problem of virulence has been 
concerned chiefly with the effects of certain secretory products of the 
bacterial  cell in  relation  to  invasiveness.  In  the  earlier literature, 
much attention was devoted to capsule formation, and observations 
from numerous workers showed that the development of a  capsule is 
undoubtedly associated  with  increased  virulence and  resistance  to 
phagocytosis in many bacterial species.  The capsule was thought of 
generally as a protective envelope shielding the bacterium from injuri- 
ous influences by virtue of its physical or physical-chemical  properties. 
In the light of present knowledge, it seems probable that the presence 
of a  capsule is indicative of great protoplasmic activity resulting in 
the  elaboration  of substances  capable of neutralizing the defensive 
forces of the body.  Even in those pathogenic microorganisms which 
do not show capsule formation, there have been observed evidences of 
ectoplasmic change, such as enlargement or swelling, during periods 
when the bacterium was actively engaged in its struggle against the 
body's defenses.  It may be, as Zinsser (1) suggests, that the capsu- 
lated bacterium holds a  large part of its neutralizing substance in a 
protective layer about itself, while the virulent non-capsulated species 
gives off its secreted substances, in chief part or entirely, to the sur- 
rounding medium. 
In 1905 Bail (2) demonstrated in the peritoneal exudate of animals infected with 
virulent bacteria, a substance which when injected together with the same organ- 
ism rendered a non-fatal dose, fatal.  He called this substance "aggressin."  Later 
Rosenow  (3)  showed that  by suspending  virulent  pneumococci  in  normal salt 
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solution, and incubating the suspension  for 48 hours, the supernatant fluid after 
centrifugation, contained a  substance which  neu[ralized the opsonins  in normal 
human serum, rendered  avirulent  pneumococei resistant  to  phagocytosis, and 
produced  an increase in their virulence for animals.  To this substance he gave 
the name "virulin."  He further showed that this antiopsonic action of the pneu- 
mococcal "virulin" is highly specific  for pneumococci.  It did not prevent the 
phagocytosis of streptococci and staphylococci. 
"fhe conclusions  of the above authors that these substances, "aggressin" and 
"virulin," represented secretory products of the bacterial cell have been criticized 
on the ground that they contained extracts of the bacteria and hence their action 
might be due largely, if not entirely, to their endotoxin content. 
With the discovery of the soluble specific substance of pneumococcus by Dochez 
and Avery (4) in 1917, the elaboration of which,  as was shown,  does not depend 
upon the solution or disintegration of the bacterial cells, but represents purely 
an extracellular product, attempts were made to determine whether or not  the 
substance  increases  the  virulence  of pneumococci when  injected  into  animals. 
So far, the results have been negative. 
Briefly, the nature of the pneumococcus soluble substance is as follows:  Dochez 
and Avery (4) showed  that when pneumococci are grown in fluid media, there is 
elaborated into the cultural fluid a substance which precipitates with specific anti- 
pneumococcus serum.  This substance is demonstrable in  the  cell-free  filtrates 
of young pneumocoecus cultures, and is also found in the blood and urine of ex- 
perimentally infected animals and in the body fluids  of patients suffering from 
lobar pneumonia.  It is type-specific,  not destroyed by boiling,  by precipitation 
with alcohol, acetone, or ether, or by trypsin digestion.  Recently, with a method 
of concentration and purification of the substance from pneumococcus cultures, 
Heidelberger and Avery (5, 6) have been able to obtain the soluble specific sub- 
stance in a highly purified form.  Analyses of material thus obtained showed that 
the substance consists mainly of carbohydrate, a polysaccharide derivative.  It is 
non-antigenic  (7)  but type-specific  and highly reactive.  A  dilution  as high as 
1:5,000,000 gives precipitation when mixed with homologous antipneumococcus 
serum. 
In the preceding paper of this series (8), it was shown that the ability 
of pneumococci  to  grow  in  normal  rabbit  serum-leucocyte mixtures 
depended upon  their virulence for rabbits.  The growth of avirulent 
strains  was  inhibited,  whereas  virulent  strains  grew  readily  in  this 
medium.  In view of the fact that the individual elements employed 
in this test were present in known quantity and limited in amount, it 
was felt that  specific effects of the  soluble substance,  which had not 
been shown  to occur in vivo might be demonstrable under  these con- 
ditions  which  are  capable of control in a  manner not possible in  the 
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Materials. 
Specific Soluble Substance.--The  specific soluble substances of Type II (Prep- 
aration 20)  and Type III (Preparation 31)  pneumococcus were kindly provided 
by Drs.  Avery and  Heidelberger.  The  purified powder of each  type was dis- 
solved 1:50 in gelatin-Locke's solution which had been previously adjusted with 
NaHCO2 to pH 7.4.  The solutions were then sterilized by boiling in a water bath 
for 15 minutes, and kept in the refrigerator as stocks from which dilutions were 
made as needed. 
Strains ofPneumococci Used.--Two strains of pneumococci were used.  One was 
a  Type II pneumococcus,  which was  relatively avirulent for rabbits and  cats. 
5 co. of an actively growing broth culture failed to kill either the rabbit or cat. 
The other was a Type III pneumococcus to which the cat was also resistant.  2 ce. 
of the culture of this organism failed to kill. 
Broth Filtrates.--In Experiments 4 and 5, broth culture filtrates were employed 
in place of the isolated specific soluble substances.  The Type II broth filtrate was 
prepared from a culture of Pneumococcus Type II grown in meat infusion broth. 
While the organisms were still actively growing, the culture was centrifuged at 
high speed and  the supernatant broth filtered through a  Berkefeld filter.  Pre- 
cipitin test done on this filtrate gave a  positive reaction to a  dilution of 1:20. 
The Type III broth filtrate was similarly prepared.  This filtrate gave a positive 
precipitin reaction in a dilution as high as 1 : 40. 
Leucocytes and Serum.--Leucocytes used in all the experiments were obtained 
entirely from aleuronat pleural exudate,  and the serum  from the same animal 
furnishing  the leucocytes.  These  were procured, in  every case,  on  the  day of 
the test. 
Technique. 
The method described previously (9)  for demonstrating the growth-inhibitory 
and bactericidal action of normal serum-leucocyte mixtures for the pneumococcus 
was employed in all the following experiments.  The technique given in that com- 
munication was closely adhered to. 
In making up dilutions of pneumococcus soluble substances or broth filtrates, 
gelatin-Locke's solution which  had  been  previously adjusted with  NaHCOn  to 
pH 7.4 was employed.  On  the other hand, gelatin-Locke's adjusted to pH  7.8 
was  used  for  diluting the  bacterial suspensions.  All dilutions were  made  im- 
mediately before the test was put up. 
To the tubes that contained no soluble substance or broth filtrate, an equivalent 
volume of gelatin-Locke's  solution was added. 
The rate of agitation and oscillation was the same throughout all experiments, 
agitation 23 to 24, and oscillation 19 to 20, per minute.  The agitation was kept up 
continuously for 72 hours; at the end of that time color changes were recorded 
and  stained  films  of  the  contents  of  each  tube  were  carefully  examined  for 
pneumococci. TABLE  I. 
Rabbit serum 0.2  cc.  +  rabbit leucocyte suspension 0.1  cc.  +  soluble specific 
substance 0.1 cc.  +  pneumococcus suspension 0.1 cc. 
Pneumococci Type II. 
Amount of standard suspension. 
Soluble specific substance. 
Final dilution. 
At 72 hrs. 
Color change.  [  Pneumococci in 
stained film.  I 
Type II. 
Ca. 
0.0001 
O. 00001 
0.000001 
0.0000001 
0.000001 
0.0000001 
0.0001 
0.00001 
0.000001 
0.0000001 
0.0001 
0.00001 
0.000001 
0.0000001 
0.0001 
0.00001 
0.000001 
0.0000001 
1:2,500 
a* 
1:25,000,  1:250,000, 
1:2,500,000 
respectively. 
1:25,000,000 
a~ 
ca 
c~ 
1:250,000,000 
ac 
ca 
cc 
++++ 
0 
0 
0 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
0 
++++ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 
+ 
0 
0 
0 
Type HI. 
0.0001 
0.00001 
0.000001 
0.0000001 
Controls without leucocytes. 
0.0000001 
0.0000001 
0.0000001 
Plating 
0.0000001 
0.0000001 
1:2,500 
cc 
ca 
aa 
0 
Type  IIS'1:2,500 
Typ~ III S 1:2,500 
No. of ¢olomi~. 
109 
111 
++++ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
+ 
* S  =  Soluble specific substance. 
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In every instance, the experiments were repeated several times on different 
days, with practically identical results. 
EXPERIMENTAL. 
Experiment /.--(Table  I.)  Rabbit  serum  and  rabbit  leucocytes employed. 
Pneumococcus Type  II  and  the  soluble specific substances of Pneumococcus 
Types II and III were used as shown in the protocol.  Control  plates on the bac- 
terial suspension were made with 1 per cent dextrose, rabbit blood agar. 
It was found that this strain of Pneumococcus Type II of low viru- 
lence for rabbits, seeded into normal rabbit serum-leucocyte mixtures, 
failed to grow in quantities less than 0.0001  cc.  of the standard sus- 
pension (Table I).  However, the addition to the same serum-leuco- 
cyte mixture of a very minute amount of the Type II soluble specific 
substance, 1:2,500,000 dilution, caused growth of the pneumococci in 
all tubes.  Growth occurred even in those that were seeded with as 
small a number of pneumococci as 0.0000001  cc. of the standard sus- 
pension.  On further dilution to 1:25,000,000,  the soluble substance 
still  showed  a  marked growth-favoring effect, though not  quite  so 
great as the lower dilutions.  At a dilution of 1:250,000,000,  this ac- 
tion of the soluble substance disappeared and the normal growth inhi- 
bition again occurred.  On the contrary, no such effect was obtained 
when a Type III soluble substance was used in place of the Type II 
substance,  even  employing a  concentration as high as 1:2300.  The 
degree of growth inhibition, it will be seen, was exactly the same as 
that in which no soluble specific substance was present.  Controls on 
the bacterial suspension showed that the pneumococci were in excellent 
condition at the time when the experiment was set up, and in about the 
right calculated numbers. 
In order to ascertain whether the soluble specific substance exerts 
the same  action  on  the  growth of pneumococcl in  serum-leucocyte 
mixtures of animals possessing a much higher degree of natural resist- 
ance to pneumococcus infection than the rabbit, the following experi- 
ment was performed. 
Experiment 2.b(Table II.)  Cat serum and cat leucocytes used.  Other  pro- 
cedures were identical with those of Experiment 1. 
As shown in Table II, the addition of a small amount of soluble sub- 
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abolished  completely their  growth-inhibitory power.  The  fact that 
the soluble substance was not effective in as high dilution in the cat as 
in the rabbit serum-leucocyte mixtures is probably to be accounted for 
by the greater initial growth-inhibitory action of the former (compare 
Tables  I  and  II).  The  specific action  of the  soluble  substance  was 
TABLE II. 
Cat  serum  0.2 cc.  -b  cat leucocyte  suspension 0.1 cc.  +  soluble specific sub- 
stance 0.1 cc. +  pneumococcus suspension 0.1 cc. 
Pneumococci Type If. 
Amount of standard suspension. 
Soluble specific substance. 
Final dilution. 
At 72 hrs. 
Pneumococci in 
Color change,  stained film. 
Type  II. 
0.01 
0.001 
0.0001 
0.00001 
0.000001 
0.000001 
0.0000001 
0.000001 
0.0000001 
0.001 
0.0001 
0.00001 
0.000001 
0.0000001 
0.001 
0.0001 
0.00001 
0.000001 
0.0000001 
0.01 
0.001 
0.0001 
0.00001 
01000001 
1:250 
~c 
1:2,500 
~¢ 
1:25,000 
~c 
1:250,000 
c¢ 
4c 
1:2,500,000 
cc 
~c 
c~ 
c¢ 
++++ 
0 
0 
0 
0 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
0 
++++ 
++++ 
0 
0 
0 
++++ 
0 
0 
0 
0 
+ 
0 
0 
0 
0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 
+ 
+ 
0 
0 
0 
+ 
0 
0 
0 
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TABLE  IImConcluded. 
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Pneumococci Type II. 
Amount of standard suspension. 
Soluble specific substance. 
Final dilution. 
At 72 hrs. 
Color change.  I  Pneumococci in 
stained film.  I 
Type HI. 
0.01 
0.001 
0.0001 
0.00001 
0.000001 
Controls without leucocytes. 
0.0000001 
O. 0000001 
0.0000001 
Plating. 
0.0000001 
O.  0000001 
1:250 
Jg 
0 
Type  II S 1: 250 
Type III S 1:250 
No. of colonies. 
105 
102 
++++ 
0 
0 
o 
o 
+ 
o 
o 
o 
o 
+ 
+ 
+ 
again indicated by the failure of Type III soluble substance to produce 
any effect even in high concentration. 
To test further the specificity of this reaction, the effect of Type II 
and Type III soluble specific substances on Pneumococcus Type III 
was studied. 
Experiment 3.--(Table  III.)  Cat serum and cat leucocytes employed.  Series 
of tubes were set up with Pneumococcus  Type III and Types III and II soluble 
substances respectively. 
It is seen in Table III that with quantities of pneumococcl represent- 
ing less than 0.0001  cc. of the standard suspension, growth inhibition 
occurred in the cat serum-leucocyte mixtures.  But the presence of 
soluble substance of the homologous type in a dilution of 1: 25,000 was 
able to cause the growth of even a very small number of pneumococci. 
The Type II soluble substance had no such action. 
Experiments were next carried out with broth filtrates from young 
pneumococcus cultures with the purpose of determining whether the 
action of the highly purified soluble substance just described is identi- 640  PNEUMOCOCCUS  GROWTH  INHIBITION.  VI 
TABLE  HI. 
Cat serum 0.2 cc.  +  cat leucocyte suspension 0.1  cc.  +  soluble specific sub- 
stance 0.1 cc. +  pueumococcus suspension 0.1 cc. 
I  Pneumococci  Type HI.  [ 
Amount of standard suspension. J 
Soluble  specific  substance. 
Final  dilution. 
At 72 hrs. 
Color  change.  I  Pneumococciinstained  film. 
Type III. 
6. 
0.0001 
0.00001 
0.000001 
0.0000001 
O. 000001 
0.0000001 
0.000001 
O. 0000001 
0.0001 
0.00001 
0.000001 
0.0000001 
1:2,500 
1:10,000,  1:25,000 
respectively. 
1:250,000 
++++ 
0 
0 
0 
++++ 
++++ 
++++ 
++++ 
++++ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
+ 
+ 
+ 
0 
0 
0 
Type  H. 
0.0001 
0.00001 
0.000001 
0.0000001 
Controls without leucocytes. 
0.0000001 
0.0000001 
0.0000001 
Plating. 
O.  0000001 
0.0000001 
1:2,500 
0 
Type HI S 1:2,500 
Type  H  S 1:2,500 
No. of colonies. 
139 
137 
++++ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
+ 
cal with that of the substance originally found in the broth culture of 
pneumococcus. 
Experiment 4.--(Table IV.)  Rabbit serum and leucocytes used.  Broth filtrates aXC~AP~  H.  P. SL~  641 
TABLE  IV. 
Rabbit serum 0.2 cc.  +  rabbit leucocyte suspension 0.1 cc.  +  broth filtrate 0.1 
cc. +  pneumococcus suspension 0.1 cc. 
Pneumococcl Type If. 
Amount of standard suspension. 
Broth filtrate. 
Final diluuon. 
At 72 hrs. 
Color ctm.nge.  [  Pneumococcl in 
stained film.  I 
Type IL 
0.001 
0.0001 
0.00001 
0.000001 
0.000001 
0.0000001 
0.00001 
0.000001 
0.0000001 
0.001 
0.0001 
0.00001 
0.000001 
1:5,  1:25,  1:50, 
1:I00,  1:200  respec- 
tively. 
1:400 
1:800 
++++ 
0 
0 
0 
++++ 
++++ 
++++ 
++++ 
0 
++++ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
+ 
+ 
0 
+ 
0 
0 
0 
Type III. 
0.001 
0.0001 
0.00001 
0.000001 
Control series with: 
0.001 
0.0001 
0.00001 
0.000001 
Controls without  leucocytes. 
0.0000001 
0.0000001 
O. 0000001 
O. 0000001 
1:5 
Plain  broth. 
1"5 
0 
Type  II B.F.* 1:5 
Type III B.F.  1:5 
Plain broth  1: 5 
++++ 
0 
0 
0 
++++ 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
+ 
+ 
* B.F.  =  Broth filtrate. 642  PNELr~ococcus  GROWTH  INHIBITION.  VI 
from Type II and Type nI pneumococci employed with a Pneumococcus Type II. 
As a  further control on the broth filtrates, a  series of tubes was also set up with 
plain meat infusion broth. 
TABLE  V. 
Cat serum 0.2 cc.  -k cat leucocyte suspension 0.1 cc.  +  broth filtrate 0.1 cc.  + 
pueumococcus suspension 0.1 cc. 
Pneumococci Type IlL 
Amount of standard suspension. 
Broth  filtrate. 
Final dilution. 
At 72 hrs. 
Pneumococci in 
Color change,  stained film. 
Type III. 
~° 
0.0001 
0.00001 
0.00O001 
0.0000001 
0.000001 
0.0O000Ol 
0.000001 
0.0000001 
1:5 
1:50,  1:100,  1:200, 
1:400  respectively. 
++++ 
0 
0 
0 
++++ 
++++ 
++++ 
++++ 
+ 
0 
0 
0 
+ 
+ 
+ 
+ 
Type II. 
0.0001 
0.00001 
0.000001 
0.00O0001 
Control ~fies with: 
0.0001 
0.00001 
0.000001 
0.00000OI 
Controls without  leucocytes. 
0.00000OI 
0.0000001 
0.O00O001 
0.0000001 
1:5 
Plain  broth. 
1:5 
0 
Type III B. F. 1:5 
Type  IIB. F. 1:5 
Plain broth  1:5 
++++ 
0 
0 
0 
++++ 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
+ 
+ 
+ 
It was found that  the addition of a  small quantity  of the Type  II 
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much the same way as did the Type II soluble substance in Experi- 
ment  1  (Table  IV).  The  action  of this  broth filtrate  could still  be 
seen  in  a  dilution  as high  as  1:400.  On  the  other  hand,  Type III 
broth filtrate, even in a concentration of as high as 1:5, failed to show 
such action. 
The fact that the Type III broth filtrate used gave a positive pre- 
cipitin reaction in a dilution as high as 1:40 made it seem evident that 
the failure of this filtrate to promote growth of the Type II pneumo- 
coccus was not due simply to a lack of the Type III active substance. 
But in order to test directly the potency of the Type III broth filtrate, 
the following experiment was performed. 
Experiment 5.--(Talfle  V.)  Cat  serum and  cat leucocytes again  employed. 
Pneumococcus Type III was used as the test organism with the Types III and II 
broth filtrates respectively. 
It is seen from Table V that the Type III broth filtrate was highly 
active.  A  dilution as high as 1:400 was still sufficient to enable the 
growth to occur of even the smallest number of pneumococci in the 
serum-leucocyte mixtures when  a  Type III pneumococcus was used 
as the test organism.  How much further this broth filtrate could be 
diluted before its action would have disappeared was not determined. 
The specificity of the broth filtrate  soluble substance was again well 
shown by the inability of the Type II broth filtrate to alter the growth 
condition  of the Type III pneumococcus in  the  cat  serum-leucocyte 
mixtures. 
DISCUSSION. 
The experiments here reported show clearly that the soluble specific 
substance of pneumococcus exerts a  definite action on the growth of 
pneumococci in the serum-leucocyte mixtures.  Its presence markedly 
alters conditions in the mixture so that even a  very small number of 
avirulent  pneumococci  are  enabled  to  grow in  the  serum-leucocyte 
mixtures of a highly resistant animal which normally possess the power 
to  destroy  such  pneumococci  in  relatively  large  numbers.  It  was 
found in previous studies that the ability of pneumococcus to grow in 
serum-leucocyte  mixtures  depends  on  its  virulence  for  the  species. 
The absence of growth inhibition was found invariably to  accompany 
a  high degree of virulence.  Thus the effect of the soluble substance 644  PNEUMOCOCCUS  GROWTH  INHIBITION.  VI 
in the serum-leucocyte mixtures is to confer on the avirulent pneumo- 
coccus the growth capacity of a virulent organism. 
The mechanism of the reaction is as yet not well understood.  Pre- 
liminary experiments have definitely shown that  the leucocytes are 
not injured by the soluble substance.  From the studies of Rosenow 
(3), it would seem likely that  the soluble substance neutralizes the 
opsonin in the serum, as a result of which the organisms resist phagocy- 
tosis and growth occurs.  The specific action of the soluble substance 
described in this communication, however, needs further explanation. 
Rosenow (3) showed that human serum contains specific opsonins for 
pneumococci, staphylococci,  streptococci,  and  tubercle  bacilli,  and 
Bull and McKee (10)  demonstrated the eXistence of separate protec- 
tive substances in normal chicken serum for each type of pneumococ- 
cus.  May it not be possible that rabbit and cat serum also possess 
separate normal opsonins specific for each serological type of pneumo- 
coccus of low virulence for the species? 
SITMMARY. 
By means of a method previously described for demonstrating the 
growth-inhibitory and pneumococcidal power of normal serum-leuco- 
cyte mixtures, a study was made to determine the action of pneumo- 
coccus soluble  substance  on  the  growth of  strains  of pneumococci 
avirulent for rabbits and cats.  It was found that the presence of a 
very small amount of the purified soluble substance of the homologous 
type markedly altered the conditions in the  mixture so that even a 
small number of avirulent pneumococci were enabled to grow in the 
serum and leucocytes of animals which possess the power to destroy 
ordinarily such pneumococci in relatively large numbers.  The action 
of the soluble substance was shown to be  highly specific to type.  A 
Type II substance assisted the growth of only Pneumococcus  Type II, 
likewise a Type III substance, the growth of Pneumococcus Type III 
only. 
Experiments involving broth filtrates of young pneumococcus cul- 
tures in place of the purified soluble substances gave similar results, 
thereby establishing further the identity of the purified substance with 
the precipitable substance originally described in the filtrates of pneu- 
mococcus cultures. RICHARD H.  P.  $IA  645 
The effect of the soluble specific substance  of pneumococcus in the 
serum-leucocyte mixtures is, therefore, to confer on the avirulent pneu- 
mococcus of the homologous  type the  growth  capacity  of a  virulent 
organism. 
The mechanism  of the reaction is briefly discussed. 
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